Introduction
The impact of the variability of sea-ice cover in the Arctic is a topic widely debated in scientific literature. Some recent studies have outlined the complexity of the interaction between sea-ice and atmosphere (e.g. Vihma 2014; Cohen et al. 2014; Barnes 2013; Overland and Wang 2010) .
One of the challenges raised by these studies is to understand the physical and dynamical processes that lead to the establishment of a physical link with mid-latitude weather. More specifically, one crucial aspect of this link is to quantify how forcings related to sea-ice variability interact with the internal variability of the atmosphere, for example the North Atlantic Oscillation (NAO). Specifically designed sensitivity experiments can help us understanding and quantifying this link.
Quantifying sources of complexity and mechanisms for the propagation of the signal from the Arctic to the midlatitudes is the focus of recent studies (Overland et al. 2015; Sellevold et al. 2016) . A tropospheric connection between sea-ice and the NAO has been found by several studies (García-Serrano et al. 2015; Petoukhov and Semenov 2010; Wu and Zhang 2010; Honda et al. 2009; Deser et al. 2007; Alexander et al. 2004 ). In particular, Deser et al. (2007) performed an experiment aimed at analyzing the transient atmospheric response to Sea Surface Temperatures and Sea Ice anomalies in the North Atlantic. They showed how a fast (within a few weeks) response to sea-ice changes in the North Atlantic and the Barents and Kara (B-K) seas projects onto the negative phase of the NAO and is driven by tropospheric eddy feedbacks. They encouraged researchers to perform additional experiments with different forcing patterns and atmospheric models to better understand the time scale and the amplitude of the response. Petoukhov and Semenov (2010) and Semenov and Latif (2015) found that different regimes of tropospheric response are associated with variations of sea-ice cover in the Barents and Kara (B-K) seas, and they find a strong non-linearity with respect to the amount of sea-ice removed. Nonetheless for a wide range of values of sea-ice cover, the response to sea-ice removal is mainly a negative phase of the Arctic Oscillation.
On the other hand, some studies highlighted that sea-ice variability can also have a significant impact on the stratosphere, raising the question of how much of the previous link is explained by intrinsically tropospheric processes (see e.g. Kim et al. 2014; Peings and Magnusdottir 2014; Sun et al. 2015; Ruggieri et al. 2016) . García-Serrano et al. (2016) have demonstrated a variety of lagged teleconnections between sea-ice reduction and the NAO, and they find a preferred stratospheric pathway with a lag of 1 month.
The aim of this study is to analyse the transient atmospheric response to a reduction of sea-ice cover in the Barents and Kara seas in mid winter, using an intermediate complexity climate model. More specifically, we aim to understand how changes (with respect to climatology) in the B-K region affect the largescale circulation over the North Atlantic sector on an intraseasonal time scale.
In figure 1 we show features of the late-winter, atmospheric circulation associated with the recent decline of sea-ice cover in the B-K seas. Figure 1a shows the time series of monthly mean geopotential height (Z) anomalies in some key regions of the atmosphere. This kind of temporal evolution has been described also by Nakamura et al. (2015) . The late winter atmospheric conditions indicate a near-surface warming of the Arctic polar cap, which is coincident with a warming in the polar stratosphere (see figure 1b) . The anomaly in the troposphere over the North Atlantic is thus coincident with a signal in the lower-stratosphere. This feature has been identified also by Sellevold et al. (2016) . The high-latitude warming is coincident with circulation anomalies in the midlatitudes. In figure 1c , we show the geopotential height anomaly at 300 hPa (Z300) in February. The positive anomaly over B-K and over the North Atlantic is one of the major features associated with Arctic warming, and it has been found both in observations (Kim et al. 2014) and in model experiments (see e.g. Pedersen et al. 2016) . The corresponding, low-level temperature pattern, which has been called Warm-Arctic Cold-Continents (WACC), is shown in figure 1d . The link between this pattern and many aspects of Arctic warming has been discussed by Cohen et al. (2014) and Overland et al. (2011) . In this study we investigate how the local, dynamical response can propagate signal from the B-K region to the midlatitudes, in particular over the North Atlantic sector.
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Understanding how the two regions are interlinked is key to be able to design models capable to reproduce the interaction, and hopefully exploit predictable signals linked to the B-K seaice cover variability, when trying to predict large-scale weather variability over the Euro-Atlantic sector. To achieve this, we have designed two sensitivity experiments that should help us explain the main features of figure 1. These experiments include two 100-member ensemble forecasts that have been analysed up to 60 days. In one of the two ensembles, sea-ice cover in the B-K seas is reduced. This highly idealised setup is used to understand the transient evolution of the atmospheric response to sea-ice reduction in the B-K seas, with a focus on the mechanisms driving a tropospheric response and a lower-stratospheric response.
After this Introduction, in section 2 we describe the methodology and the experimental setup used in this study. Then in section 3 we show the results from these experiments, and we discuss the main mechanisms involved in the transient evolution shown in figure   1 . Finally, in section 4 we discuss how the results of this study can help understand the winter mid-latitude response to sea-ice variability, focusing on the link with the circulation in the North Atlantic sector, and is section 5 we summarise our results. ), and this pattern has been found also by previous studies (see Ruggieri et al. 2016; Sorokina et al. 2016) . The net effect is a warming from the surface to the atmosphere, by both latent and
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The temperature in the grid boxes that are partially covered by sea-ice is calculated as weighted average of the temperature over ice-free parts, T freeze = −1.8°C, and the temperature over the icecovered-parts, T ice , which is calculated from the slab ice model employing energy balance. Thus:
where c is the ice concentration of the grid cell. Since in winter the temperature over the parts covered by ice is typically far below freezing, the temperature perturbations induced by an ice removal are positive. Hence, first, in section 3.1, we describe in details the temporal evolution of the atmospheric response. Then, in sections 3.2 and 3.3, we will present and discuss a hypothesis for the relevant physical processes involved.
Regimes of tropospheric response
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negative NAO is now coincident with a slower zonal wind in the stratospheric polar cap.
Looking at the temporal evolution of the lower-and uppertroposphere response, two observations can be made: firstly, the initial, shallow and baroclinic response, which dominates for two weeks, is followed by a deep, barotropic response which is found both over the B-K seas and the North Atlantic. Secondly, this larger-scale response, which reaches the upper-troposphere, turns then into a hemispheric, NAM-like anomalous circulation.
The linear response of the atmosphere to a diabatic heating has been analysed by Hoskins and Karoly (1981) . A point worth noting is that they change sea-ice also in the North
Atlantic sector (Labrador sea), while we reduce sea-ice only over the B-K seas. These results show that a similar response can be obtained removing sea-ice only over the B-K seas, suggesting that a non-local mechanism propagates the signal upstream. Ruggieri et al. (2016) This article is protected by copyright. All rights reserved.
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where p, c and a indicate respectively the PRT run, the CTL run and their difference, the asterisk denotes a deviation from the zonal mean, the prime denotes a deviation from a temporal mean, quantities with overbars are temporally averaged and the parentheses denote a zonal and meridional average between 40°N and 80°N. In figure 6b , the red line shows how the first term Atlantic storm tracks (not shown). In the next section we discuss the differences between these two peaks focusing on the role of the lower stratosphere.
The role of the lower stratosphere
The tropospheric response to the forcing over the North Atlantic has two peaks, one is found along with the ridge over B-K, one is found after the hemispheric, upper-level response in the polar cap. figure 8b is the ridge over North Atlantic and Scandinavia, which is consistent with the intrinsically tropospheric response that has been associated to seaice reduction by previous studies (see e.g. Nakamura et al. 2015; Kug et al. 2015; King et al. 2016; Ruggieri et al. 2016) . Figure 8c shows a rather different pattern, with a negative NAO signal. This result is found also in PRT0 (see figures S4 and S5), where the sea- figure 8b ,c is displayed in figure 9 . These panels are obtained taking an average in the two intervals defined in figure 8 and averaging them. Interestingly they can be compared with observed patterns presented in figure 1.
The last two and other crucial aspects of the experiment are discussed in the next section, where we give a summary of major results providing a unified view of the temporal evolution of the response and where we discuss how these results can be used to understand the role of sea-ice in seasonal predictability.
Discussion
The response of the atmosphere to temporally-confined sea-ice reduction in the Barents and Kara seas has been explained in Several studies (e.g. Kug et al. 2015; Grassi et al. 2013; Honda et al. 2009) The combination of the fast and slow response can explain the WACC pattern, which has been linked to a reduction of sea ice (see e.g Cohen et al. 2014; Overland et al. 2011) . Figure 9 shows that the WACC near-surface temperature pattern can be obtained combining the two regimes of the response and that it is explained by the combination of the local circulation changes and a slower, large-scale adjustment linked with the perturbation in the stratosphere.
Several studies (e.g. Kim et al. 2014; Scaife et al. 2014; Jaiser et al. 2016 ) considered the seasonal cycle of the atmospheric response to a seasonal cycle of sea-ice anomalies.
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Recently, the attention of this class of studies has been drawn by a late winter response resembling the negative phase of the NAM which can be driven by the stratosphere. forcing to the observed patterns is likely to be state-dependent.
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